Introduction
Bronchopulmonary sequestration (BPS) is a rare fetal lung anomaly. It is a nonfunctioning mass of lung tissue that lacks normal communication with the tracheobronchial tree and receives its blood supply from the systemic (rather than the pulmonary) circulation. Typically, it has the appearance of a solid homogeneous mass with a feeding vessel, originating from the descending aorta. The perinatal prognosis is poor in the case of development of fetal hydrops, massive pleural effusions with lung hypoplasia and the presence of polyhydramnios resulting in premature delivery.
Laser coagulation of the feeding artery has been described as a minimally invasive fetal therapy (Oepkes et al. Ultrasound Obstet Gynecol 2007, 29: 457 -459) . This report describes two cases of BPS with successfully performed laser coagulation, resulting in complete remission of fetal hydrops and prevention of premature delivery without further necessity for neonatal surgery.
Case 1 A 28-year-old primigravida was referred to the Medical University of Warsaw at 22 weeks of gestation due to a mediastinal shift detected during a routine fetal scan. The fetal heart was displaced to the right by a 43 mm × 28 mm hyperechogenic mass (▶ Fig. 1 ). There were no visible cysts or other lesions in the thorax. Color Doppler and pulsed wave Doppler revealed a feeding artery originating directly from the aorta. Fetal biometry, cardiac anatomy and amniotic fluid volume were normal. There were no other fetal abnormalities or ultrasound markers of chromosomal defects. The cervical length was 12 mm. In a subsequent scan Doppler studies revealed an increased pulsatility index in the umbilical artery and mild ascites. Due to the high degree of mediastinal shift and high risk of lung hypoplasia, owing to the large volume of abnormal lung tissue, the patient was offered intrauterine therapy. Laser coagulation of the feeding systemic artery was performed under ultrasound guidance and under epidural anesthesia. For analgesia for the fetus, intramuscular injection of fentanyl (1 µg/kg) and pancuronium (0.3 mg/kg) was applied. An 18G needle was introduced into the fetal thorax and the tip of it was placed close to the artery only a few millimeters from its origin in the aorta. The diode laser fiber (The Dornier MultiBeam) was introduced and the vessel was coagulated with 35 W pulses until the absence of flow was confirmed by color Doppler ultrasound imaging. After the procedure the fetal heart frequency was normal. Two days later further cervical shortening was observed and speculum examination revealed bulging membranes. The following day a McDonald cervical cerclage was performed. Before the patient was discharged from the hospital, a cervical pessary was applied as well. During the following weeks, the size of the tumor decreased and reversal of the mediastinal shift was observed. The amniotic fluid volume, fetal biometry and umbilical and fetal Doppler studies were normal and the further course of the pregnancy was uneventful. The cervical cerclage and pessary were removed at 36 weeks and after spontaneous onset of labor at 39 weeks of gestation a cesarean section was performed for failure to progress to the second stage of labor. A 3660 g female was born with an arterial cord pH of 7.34 and Apgar scores of 10 at 1, 5 and 10 min. The neonate underwent a chest X-ray and transthoracic echocardiography and both were normal. The mother and the neonate were both discharged 5 days after delivery. At the time this case ▶ Fig. 1 Transverse section of the fetal thorax with hyperechogenic mass and mediastinal shift.
▶ Abb. 1 Transversalschnitt des fetalen Thorax mit hyperechogener Raumforderung und Mediastinalshift.
Title Page report was written, the child was alive and well at the age of 6 months.
Case 2
A 35-year-old primigravida was referred to the University Medical Center Hamburg-Eppendorf at 21 + 6 weeks of gestation with a suspected lung lesion. Ultrasound examination showed a hyperechogenic mass in the left side of the thorax, measuring 28 × 23 mm. On color Doppler imaging an artery originating from the aorta just below the diaphragm supplying the mass was identified (▶ Fig. 2) . The lesion was diagnosed as a bronchopulmonary sequestration (BPS). At that time there were no signs of hydrops or hydrothorax. The cardiac axis deviated slightly with respect to the middle without any fetal compromise.
Weekly ultrasound examinations showed stable findings until 27 + 0 weeks of gestation, when there was a massive leftsided hydrothorax and a marked mediastinal shift to the right (▶ Fig. 3 ). We performed a drainage of the hydrothorax with a 20G needle under ultrasound guidance and 92 ml of bright yellow fluid were removed.
At 27 + 5 weeks, the fetus showed ascites, bilateral hydrothorax and mitral and tricuspid regurgitation. The size of BPS was 39 × 29 mm. Owing to the development of fetal hydrops and the concomitant poor prognosis, we discussed the option of intrauterine laser coagulation of the feeding artery. The parents consented to this approach after extensive counseling.
The procedure was performed under local anesthesia and fetal intramuscular application of sufentanyl (1 µg/kg) and pancuronium (0.3 mg/kg) into the left fetal upper leg. Subsequently an 18G needle was introduced percutaneously under ultrasound guidance into the fetal thorax and the tip was placed near the arterial vessel arising from the aorta. A 400-nm laser fiber was inserted through the sheath and the Nd:YAG laser was fired with 50 W during several shots achieving coagulation of the aberrant artery (▶ Fig. 4a ), confirmed by color Doppler which showed the absence of flow (▶ Fig. 4b ). Subsequently, the laser fiber was removed and the pleural effusion was drained (85 ml). There were neither fetal nor any maternal complications. A prophylactic tocolysis with atosiban was administered during fetal surgery and up to 24 h after fetal surgery.
Over the following weeks, ultrasound examinations showed shrinking of the mass and there was complete remission of the hydrops by day 8. The remaining course of the pregnancy was uneventful. After the induction of labor, the patient spontaneously delivered an apparently healthy female weighing 3595 g and with Apgar scores of 10 at 5' and 10', respectively, at 41 + 5 weeks of gestation. Minimal respiratory distress one hour after delivery required admission to the neonatal ward for five days and suspected lung inflammation was treated with antibiotics. The Bayley Scale of Infant Development II at 11 months of age revealed a motor scale index of 57 and a mental scale index of 90. A computed tomography scan at the age of 7 months showed only small fibrotic lesions in the left basal thorax without any arterial blood supply. There was no need for pediatric surgery. At the time this report was written, the infant was alive and well at 14 months of age.
Discussion
Bronchopulmonary sequestration (BPS) accounts for 1 -5 % of congenital lung malformations. The vast majority occurs on the left side. Rarely, pulmonary sequestration leads to massive fetal hydrops which may be caused by or lead to cardiac failure and intrauterine demise. In cases of severe fetal hydrops, the perinatal mortal-▶ Fig. 4 Pulse Doppler study of the feeding artery arising from the fetal aorta before a and after b the procedure. A hyperechogenic area and no flow are seen at the site of the feeding artery after the procedure. ity rate is almost 100 % without treatment. In contrast, BPS has a good prognosis in the absence of hydrops. In some cases spontaneous regression may occur in the third trimester (Mallmann et al. Ultrasound Obstet Gynecol 2014, 44: 441 -446) . However, in cases of progressive hydrops and signs of fetal compromise, intrauterine intervention should be considered (Cruz-Martinez; Ultrasound Obstet Gynecol 2015, 46: 627 -628) . In the first case the size of the lesion in the fetal chest was large causing mediastinal shift and polyhydramnios, which may lead to preterm labor and delivery. The second case showed severe fetal risk owing to fetal hydrops. Both pregnancies had a good neonatal outcome with term deliveries and postnatal surgery was no longer necessary. Our case reports support minimally invasive fetal treatment for progressive cases of BPS with poor prognosis. Ultrasound-guided interstitial laser coagulation is a causative therapy, which may lead to complete remission of fetal compromise and obviation of neonatal surgery. In SSW 27 + 5 zeigte der Fetus Aszites, einen bilateralen Hydrothorax sowie Mitral-und Trikuspidalinsuffizienz. Die Größe der BPS betrug 39 × 29 mm. Aufgrund der Bildung des fetalen Hydrops und der damit einhergehenden schlechten Prognose diskutierten wir die Möglichkeit der intrauterinen Laserkoagulation der zuführenden Arterie. Die Eltern stimmten nach ausführlicher Beratung zu.
Einleitung

